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(54) Blowing air into a painting booth 
having a conveyor line there through 

(57) A painting booth through which a 
conveyor (18) passes to transfer articles 
(20) such as automobile bodies to be 
painted. The booth comprises spraying 
spaces (12,12') each with a paint 
spraying machine (16) disposed there- 
in, buffer spaces (14,14') adjoining the 
respective spraying spaces and a duct 
(22, Figure 2, not shown) arranged to 
blow air into each spraying space 
(12,1 2'). To minimize power and heat 
expenses for operation of the booth, 



each buffer space (14,14') has a cross- 
sectional area smaller than the cross- 
sectional area of each spraying space 
(12,12'). The buffer spaces (14,14') may 
be provided with no forcible ventilation. 
Alternatively, the booth may comprise 
another duct (42, Figure 4, not shown) 
to blow air into at least one (14A) of the 
buffer spaces through air inlets (44) 
arranged such that air flows in the 
buffer space (14A) towards an adjoining 
spraying space (12) at a velocity lower 
than the velocity of a flow air in the 
spraying space (12). 
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SPECIFICATION 

Painting booth on conveyor line 

5 This invention relates to a painting booth constructed on a conveyor line for continuous production of, 5 
for example, automobiles. 

Automobile bodies will be taken as a typical example of articles to be painted in painting booths 
described in this specification although a painting booth according to the invention is of use also in mass 
production of various other articles such as household electric appliances. 

10 On current automobile assembly lines, coating of automobile bodies with paint is performed usually in 10 
a tunnel-like enclosure, called a painting booth, through which passes a conveyor to carry the bodies. 
Such a painting booth is several times as long as the length of an automobile body and gives therein one 
spraying room which occupies an almost entire volume of the interior of the booth, so that several 
workers can move in this spraying room along the bodies carried on the conveyor to perform painting 

15 operation with hand spray guns at any section of the spraying room. A ventilation duct extends along the 15 
booth, usually on the ceiling of the spraying room, to blow a temperature and humidity controlled air into 
the spraying room. Due to the manner of painting operation in the spraying room, the arrangement of the 
ventilation duct and the capacity of the air conditioner are made such that air flows through every section 
of the spraying room at a nearly uniform rate, meaning that a uniform atmosphere is maintained 

20 throughout the spraying room. The air flows out of the spraying room together with paint dust through a 20 
grated floor of the booth and enters a washing zone which is defined between the floor and a water pit 
constructed below the booth. On the outside of the spraying room, ventilation ducts extend from the 
washing zone to discharge washed air into the atmosphere. 
It Is a recent trend to replace hand spray guns used in the above described painting booth with an 

25 automated spraying machine, or machines, which sprays a large quantity of paint within a limited region 25 
of the booth or the aforementioned spraying room. When such a spraying machine is introduced into a 
painting booth of the described type, the need of supplying air uniformly into a wide spraying room 
consitutes a disadvantqge of the booth. Since the rate of air supply must be increased in compliance with 
an increased rate of paint spraying by the spraying machine, there occurs a considerable increase in the 

30 quantity of air per unit time to be supplied to the painting booth. Accordingly there arises the need of 30 
augmenting the capacity of capacity of the air conditioner including a blower, and as a result there occurs 
considerable increase in power and heat expenses for operation of the painting booth. 

It is an object of the present invention to provide an improved painting booth constructed on a 
conveyor line for transfer of articles to be painted, which painting booth is suitable for a continuous 

35 coating operation with at least one automated spraying machine from both functional and economical 35 - 

viewpoints. 

It is another object of the invention to provide an improved painting booth of the described type, which 
booth is particularly suitable for use in the production of automobiles and can maintain therein an 
atomosphere suitable for the operation of an automated spraying machine with reduced expenses for 

40 conditioning air to be supplied to the booth. 40 
A painting booth according to the invention, through which a conveyor passes to transfer articles to be 
pained, comprises at least one spraying space with a spraying machine installed therein and at least one 
buffer space adjoining each spraying space. The spraying and buffer spaces are arranged alternately with 
each other In the direction of the conveyor. Each spraying space is provided with an air blowing duct and 

45 air inlets arranged such that a flow of air is established in a direction generally normal to the direction of 45 
the conveyor substantially in every region of the spraying space. As the essential feature of this painting 
booth, the cross-sectional area of each buffer space is made smaller than the cross-sectional area of each 
spraying space. 

In a first embodiment of the invention, each buffer space is provided with no air blowing means so that 
50 substantially no flow of air is established therein. 50 
In a second embodiment of the invention, at least one buffer space is provided with an air blowing duct 
and air inlets arranged such that a flow of air is established therein in a direction generally parallel to the 
direction of the conveyor and that the velcoity of the air flow in this buffer space is lower than the velocity 
of the air flow in an adjoining spraying space. In this case, the air blowing duct for this buffer space may 
55 be connected to the air blowing duct for an adjoining spraying space so that air may be blow into the 55 
spraying and buffer spaces substantially at the same temperature and substantially with the same 
humidity. Alternatively, the air blowing ducts for the spraying and buffer spaces may be made indepen- 
dent from each other so that air may be blown into the spraying and buffer spaces at different tempera- 
tures and with different humidities. 
60 Figure 1 is a horizontal sectional view of a painting booth constructed on an automobile assembly line 60 
as an embodiment of the invention; 
Figure 2 is a vertical sectional view of the painting booth of Figure 1 in a spraying zone thereof; 
Figure 3 is a vertical sectional view of the same booth in a buffer zone thereof; 
Figure 4 is a longitudinal sectional view of a painting booth which is a modification of the booth of 
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Figure 5 is a horizontal sectional view of a conventional painting booth on an automobile assembly line; 
and 

Figure 5 is a vertical sectional view of the booth of Figure 5. 

Figures 1-3 show a painting booth 10 according to the invention, which occupies a section of an auto- 
5 mobile assembly line. Automobile bodies 20 to be painted are carried on a c onveyor 18 passing through this 5 
booth 10 from the left to the right in Figure 1 as indicated by the arrow'F. In this example the painting booth 
10 comprises two spaces designated as spraying zones 12 and 12' at a distance therebetween in the 
direction of the conveyor 18. A space designated as buffer zone 14 adjoins both of the two spraying zones 12 
and 12' so as to occupy an entire length (indicated by Lb) of the distance between the two spraying zones 12 

10 and 12\ and another buffer space or zone 14' conjoinedly follows the spraying zone 12' on the downstream 10 
side. There is no partition between each spraying zone 12(12') and the adjoining buffer zones 14, 14'. In each 
spraying zone 12(12'), there is an automated spraying machine 16(16') which may be of a gantry type 
reciprocable along the conveyor 18 and has a plurality of spraying guns 1 6a. Of course each of the spraying 
machines 16, 16' may be replaced by spraying robots. In any case each spraying machine 16(16') is provided 

1 5 with a sensor (not shown), which detects the arrival of each automobile body 20 at a prescribed position, and 15 
initiates its action In response to a signal from the sensor. 

A ventilation duct 22 which extends from an external air conditioner including a blower (not shown) is 
arranged to constitute the ceiling of each spraying zone 12(12') with the provision of a deflector 26 to blow 
air regulated, for example, to 20°C and 85% relative humidity downwards into the spraying zone 12(12') 

20 through an air filter 24. The painting booth 10 has a horizontal floor 28 and is constructed above a pit 30 20 
which Is provided with a water pipe (not shown) and serves as a sink. In a tranversely central region of each 
spraying zone 1 2(1 2' ) the floor 28 takes the form of a grating 28a, so that the air blown into the spraying zone 
12(12') flows through this zone generally vertically (as indicated by the arrows A in Figure 2) and, together 
with a dust of the sprayed paint, enters a space 32 between the floor 28 and water 31 in the pit 30. Beneath 

25 each spraying zone 12(12'), this space 32 (and the water 31 in the pit 30) serves as a washing zone where a 25 
considerable portion of the paint dust suspended in the air flown out of the spraying zone 12(12') transfers 
into the water 31 during passage of the air through this space 32. On the outside of each spraying zone 
12(12') ventilation ducts 34 extend from the washing zone 32 to let out the washed air into the atmosphere. 
The ducts 34 are provided with ventilation fans 36 and certain means such as baffle plates 38 for removal of 

30 the remaining portion of the paint dust from the air. 30 
The buffer zones 14 and 14' are provided with neither painting machines nor ventilation ducts. Each of 
these zones 14,14' has an ordinary ceiling 23, and the floor 28 in these zones 14, 14' is not grated or 
apertured. Thus, each buffer zone 14(14') is no more than a tunnellike enclosure. 
The inside dimensions of the spraying zone 12, length Ls, width Ws and height Hs, are determined based 

35 on the quantity of paint sprayed from the machine 16(16') per unit time and the surface area of the auto- 35 
mobile body 20 to be painted. In the illustrated case the second spraying zone 12' has the same dimensions 
as the first spraying zone 1 2, but a difference, or differences, in length, width and/or height may exist 
between two spraying zones 12 and 12'. The length La of the buffer zone 14 between the two spraying zones 
12,12' is determined so as to prevent mixing or contact of a paint spray from the painting machine 16 with 

40 a paint spray from the other machine 1 6' and to make it possible to effect painting in the second spraying ;„ 40 
zone 12' on a paint coating provided on each automobile body 20 in the first spraying zone 12. The inside - 
width Ws and height Ha of the buffer zone 1 4 are determined, with due consideration of an atomosphere 
desirable for setting or drying of the paint coating provided in the first spraying zone 1 2, such that the vertical 
cross-sectional area (W 8 x H B ) of the buffer zone 1 4 is smaller than the vertical cross-sectional area (W s x H s 

45 of each spraying zone 1 2(12'}. It is preferable that the buffer zone 14 is smaller than the spraying zones 12, 1 2' 45 
both in width and height. 

The buffer zone 14' on the downstream side is identical in construction with the former buffer zone 14, and 
the vertical cross-sectional area (width by height) of this buffer zone 14' is made smaller than that of the 
adjacent spraying zone 12'. However, the length l B ' of this buffer zone 14' may differ from the length L B of 

50 the buffer zone 14 since this buffer zone 14' is not followed by an spraying zone but conjoins a setting or 5c 
drying room which precedes a tunnel oven. 

A space or zone 1 5 conjoinedly preceding the first spraying zone 1 2 serves as an approach from a station 
preparatory to the painting operation to the spraying zone 1 2. This zone 1 5 is identical in construction with 
the buffer zone 14 and is smaller in vertical cross-sectional area than the spraying zone 1 2. Accordingly this 

55 zone 15, too, can be regarded as a buffer zone. 55 
Due to the described differences in construction and dimensions between the spraying zones 1 2, 1 2' and 
the buffer zones 14, 14' and 15, the air (A) generally vertically passing through the spraying zones 12, 12' 
hardly intrudes into the buffer zones 14, 14', 15 although there is no shutter at the entrance and exit of each 
spraying zone. 

60 A painting booth 40 shown in Figure 4 is another embodiment of the invention. This booth 40 is fundamen- 60 
tally similar to the booth 10 of Figures 1-3, but a buffer zone 14A between two spraying zones 12 and 12' in 
this booth 40 differs from the corresponding buffer zone 14 of Figure 1 in that air is blown into this zone 14A 
from a ventilation duct 42. This modification is made with the purpose of promoting drying of a paint coating 
on each automobile body 20 travelling from the first spraying zone 12 to the second spraying zone 12*. In 
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rapid drying of a resultant paint coating on each body 20 is desirable both to prevent flowing or dripping of 
the paint applied to each automobile body and to allow the application of another paint onto the painted 
body 20 in the second spraying zone 12'. 
The ventilation duct 42 extends from an external air conditioner including a blower (not shown) and opens 
5 into the buffer zone 14A at air inlets 44 formed in, or provided on, the side walls of the booth 40 in this zone 5 
14A. Each air inlet 44 is provided with a deflector 46 such that the air blown into the buffer zone 14A flows 
generally horizontally towards a conjoined spraying zone 12 or 12' (as indicated by the arrows B in Figure 4) 
at velocities lower than the velocities of the flow A of air in each spraying zone 1 2(1 2'). The air (B) thus 
flowing in the buffer zone 14A promotes evaporation of water or organic solvent contained in the paint 

10 applied to the body 20. This air enters the spraying zone 12(12') together with the evaporated water or 10 
organic solvent but, because of a relatively low flow velocity thereof, does not significantly influence the flow 
A of air or interfare the painting operation in the spraying zone 1 2( 12'). As a consequence the air coming 
from the buffer zone 1 4A is discharged into the atmosphere through the washing zone 32 and the ventilation 
ducts 34 provided to each spraying zone 1 2(12'). Indicated at 52 is a water pipe to supply water to the 

15 washing zone 32. 15 
The buffer zone 14A in Figure 4, too, is smaller than the spraying zones 12 and 12' in vertical cross- 
sectional area. 

When it is desired that air is blown into the spraying zone 1 2 and the buffer zone 14A substantially at the 
same temperature and with the same humidity as in the case of using a paint of a heat polymerization type, 

20 the ventilation duct 42 may be constructed as a branch of the ventilation duct 22 for the spraying zones 1 2, 20 
12' with the provision of a Yegulatable damper (not shown) at the junction. When it is intended to establish a 
different atmosphere in the buffer zone 14A as In the case of using a water paint, the ventilation ducts 22 and 
42 are made independent from each other (to extend from two separate air conditioners, respectively). If in 
this case a higher temperature is intended in the buffer zone 14A than in the spraying zone 12(12'), an air 

25 outlet 48, which communicates with the washing zone 32, may be provided in the side wall of the buffer zone 25 
14A at a location close to the entrance (or exit) of this zone 14A. Besides, air curtain 50 may bo provided on 
the border between the buffer zone 14A and the spraying zone 12(12'). 

The buffer zone 14' on the downstream side of this booth 40, too, is smaller than the adjoining spraying 
zone 12' in vertical cross-sectional area. If desired the ventilation duct 42 may be made to open also into this 

30 buffer zone 14'. 30 
For the sake of comparison, Figures 5 and 6 shown an example of conventional painting booths used in the 
production of automobiles. This painting booth 100 is a tunnel-like enclosure through which passes a 
conveyor 1 18 to carry automobile bodies 20. An elongate spraying room 112 occupies substantially entire 
space in this booth 1 00. A ventilation duct 1 22 which extends from an external air conditioner including a 

35 blower (not shown) is arranged to constitute the ceiling of the spraying room 112 and blow air downwards 35- 
into the spraying room 112 through an air filter 124. This booth 100 is constructed above a water pit 130, and 
a floor 128 of the booth 100 takes the form of a grating 128a in a tranversely central region of the spraying 
room 112. Accordingly the air (indicated by the arrow A') blown into the spraying room 1 1 2 leaves this room 
1 12 through the grating 128a to enter a washing zone 132 corresponding to the wasing zones 32 in Figures 2 

40 and 4. On the outside of the spraying room 112, ventilation ducts 134, which are provided with ventilation 40 
fans 136 and paint dust collection means 138, extend from the washing zone 132 to let out the washed air 
into the atmosphere. 

The inside dimensions of the spraying room 112, length L P , width W P and height H P , are determined such 
that about 5 to 10 workers can move in this room 1 1 2 along automobile bodies 20 on the conveyor 1 18 to 
45 perform spraying operation each with a hand spray gun 1 16 at any section of the spraying room 1 12. 45 
Accordingly the width Wp and height Hp are uniform over the entire length of the spraying room 1 12, and the 
air (A) flows from the ceiling (122) to the floor 128 at a nearly constant velocity in any section of the spraying 
room 112. 

As will be understood from the foregoing description, a painting booth according to the invention is quite 

50 suitable for automated painting operations on a mass production line typified by an automobile assembly 50 
line. Thfe size of each spraying zone 12(12') is left to designers' discretion with only one restriction that the 
adjoining buffer zones should be smaller in vertical cross-sectional area than the spraying zone, and any type 
of automated spraying machines or robots may be installed in the spraying zones. Because of relatively 
small cross-sectional areas of the buffer zones, a painting booth of the invention affords a great saving of 

55 energy as will be demonstrated hereinafter. Besides, the alternate arrangement of the spraying zones and 55 
buffer zones (with the above described dimensional relation) in a painting booth of the invention is favorable 
to the accomplishment of an efficient and successful double-coating operation within the painting booth. As 
an additional advantage of a painting booth of the invention, it is possible to establish in each buffer zone an 
atomosphere which is different from atmospheres in the adjoining spraying zones and is most suitable for 

60 drying or setting of a paint coating made in a preceding spraying zone, whereby a continuous double- 60 
coating operation using a water paint or an organic solvent type paint becomes fully practicable. 

The following Table presents a comparison between the painting booth 40 of Figure 4 and the booth 100 of 
Figures 5-6 with respect to electrical power and the quantity of heat required for the supply of air and water 
to the respective booths when the booth 40 Figure 4 is made comparable to the conventional booth 100 both 

65 in total length and vertical cross-sectional area of each spraying zone and the ventilation duct 42 of the booth 65 
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40 opens into both of the two buffer zones 14A and 14A\ The calculation was made on the assumption that 
air is taken from the atmosphere into air conditioners for the respective booths at a temperature of 5° C and 
with a relative humidity of 60% and supplied to the booths at 20°C and with 85% relative humidity. Electric 
power in the Table refers to the total of the electric powers of air blowers, ventilation fans and a pump (for 
5 the delivery of washing water) for each booth. Heat consumption in the Table refers to the consumption of 5 
heat in the preparation of steam and hot water for the operation of the air conditioner(s) for each tooth. 

The comparison given in this Table demonstrates that a painting booth according to the invention accords 
a great saving of energy; the booth 40 of the invention requires only less than half the electric power 
required by the conventional booth 100 of substantially the same scale and can be operated with the 
10 consumption of only less than half the amount of heat needed for the operations of the booth 100. 1Q 



Table 

15 15 

Painting Booth(40) Painting Booth 

(of the invention) (100) 

(conventional) 

20 , 20 

Spraying Zone Spraying Zone Buffer Zone Buffer Zone Spraying Room 
No. 1(12) No. 2 (12') No.1(14A) No.2(14A') (112) 

Inside Dimensions 

25 25 

width(m) x height(m) 5x6x3 5x6x3 3x 2.2x6 3x 2.2x4 5x6x 16 
x length(m) 



30 



Velocity of Air Flow 
(average) 

downwards (m/sec) 0.5 0.5 - - 0.5 

sideways (m/ sec) - - 0.2 0.2 

35 Electric Power ' CQ 157 35 

(KW) b9 

Heat Consumption about 781,000 about 1,772,000 

40 (kcal/hr) 40 



45 CLAIMS 45 

1 . A painting booth through which a conveyor passes to transfer articles to be painted, the booth 
comprising: 

at least one spraying space each with a paint spraying machine disposed therein; 
50 at least one buffer space adjoining each spraying space, said at least one spraying space and said at least 50 . 
one buffer space being arranged alternately in the direction of the conveyor, each of said at least on buffer 
space having a cross-sectional area smaller than the cross-sectional area of each spraying space; and 

a duct for blowing air into each spraying space through air inlets arranged such that a flow of air is 
established in a direction generally normal to the direction of the conveyor substantially in every region of 
55 each spraying space. 55 

2. A painting booth as claimed in Claim 1 , wherein said duct is arranged such that air is blown only into 
each spraying space, so that each buffer space is provided with no forcible ventilation. 

3. A painting booth as claimed in Claim 1 , wherein the booth comprises two spraying spaces at a 
distance therebetween in the direction of the conveyor and a buffer space which occupies an entire length of 

60 said distance and adjoins both of said two spraying spaces. , 59 

4. A painting booth as claimed in Claim 1, further comprising another duct for blowing air into at least 
one selected buffer space in the booth through air inlets arranged such that a flow of air is established in a 
direction generally parallel to the direction of the conveyor in said selected buffer space and that the velocity 
of said flow of air in said selected buffer space is lower than the velocity of said flow of air in each spraying 

65 space. 65 
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^ 5. A painting booth as claimed in Claim 4, wherein said duct is connected to said another duct, whereby 
air is blown from said duct and said another duct substantially under the same condition. 

6. A painting booth as claimed in Claim 4, wherein said another duct is independent from said cut, 
whereby air can be blown from said duct and said another duct under different conditions. 
5 7. A painting booth as claimed in Claim 4, wherein said air inlets provided for said another duct are 5 
located on a side wall of said selected buffer space. 

8. A painting booth as claimed in Claim 5 or 6, wherein the booth comprises tw j spraying spaces at a 
distance therebetween in the direction of the conveyor and a buffer space which occupies an entire length of 
said distance and adjoins both of said two spraying spaces, said another duct being arranged so as to blow 

10 air into the buffer space between said two spraying spaces. 10 

9. A painting booth as claimed in Claim 8, wherein said air inlets provided for said another duct are 
located on a side wall of said selected buffer space. 

i* c? fmln9 - ^ 35 d *!T e , d , ,n C,aim 9 ' Wherein the buffer s P ace between sa * two spraying spaces 
has at least one a.r outlet provided in a side wall thereof at a location close to one of said two spraying 
id spaces. 

•11. A painting booth as claimed in Claim 9, further comprising means for providing an air curtain on the 
border of one of said two spraying spaces and the buffer space between said two spraying spaces 

„,!L * P8,nt, "f ^ " ° laimed in C ' aim 1 * 2> 4 0r 7 ' wherein each s P fa Y in 9 s P ace h « an at least partly 
grated floor, said a.r inlets prov.ded for said duct being located on the ceiling of each spraying space. 

20 13. A pa.nt.ng booth as claimed in Claim 12. wherein the booth is constructed above a water pit whereby 20 

pa'lnt dust!" 10 SPray,n9 SP3Ce P3SSeS thr ° U9h S3id 9rat6d f ' 00r and en,ers said water P' a t^ether with a 

! 4 '^ A S" u" 9 b ,° 0th 35 ° laimed C ' aim 13 ' further com P"sing a ventilation duct arranged on the 
« °" ta,de J of Xh . e b00th so as t0 discharge air entered into said water pit into the atmosphere. 
25 15. A pa.nt.ng booth substantially as herein described with reference to Figures 1 to 3, or Figure 4 of the 2 5 
accompanying drawings. " " 
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